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ABSTRACT 



A transducer includes a spin valve ("SV") structure cwn- 
prising a pinned ferromagnetic layer adjoining a first end 
portion thereof and a freely rotating ferromagnetic layer 
adjoining an oppositely disposed second end portion thereof. 
First and second current conductors adjoin the first and 
second end portions of the spin valve structure respectively 
in a current pcrpcndicular-to-the-plane configuration 
("CPP"). In a particular embodiment disclosed herein, a 
differential CE^ transducer includes a pair of SV structures 
having first and second current conductors with a common 
current conductor intermediate the SV structures. 

55 Claims, 6 Drawing Sheets 
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CURRENT PERPENDICULAR-TO-THE- 

PIANE SPIN VALVE TYPE 
MAGNETORESISTIVE TRANSDUCER 

CROSS REFERENCE TO RELATED 
APPUOOIONS 

The present invention is related to the subject matter of 
U^. Pat No. 5,455334 for "Magnetoresistive Device and 
Method Having Improved Barkhausen Noise Suppression" 
issued Jan. 16, 1996 to J. Lamar Nix et al. and to VS, patent 
qjpKcation Ser. No. 08/40L553 for **Sh^d Spm Valve 
Magnetoiesisttve Transducer and Method for Fabri- 
cating the Same Incoq>orating Domain Stabilization Tech- 
nique** filed Mar. 9, 1995 by Young Keun Kim. The fore- 
ffnng United States Patent and Patent Application are 
assigned to Quantum Peripherals Colorado, Inc.. assignee of 
the present invention and the disclosures thereof are spe- 
cifically incQiporatcd herein by this reference. 

BACKGROUND OF THE INVENTION 

The present invention relates, in general, to the field of 
magDCtorcsistivc (**MR") spin valve ("SV**) devices. M(xe 
particularly, the present invention relates to a current 
pcrpendicular-to-the-planc ("CPF*) spin valve device 
design, as well as an alternative differential sensing embodi- 
ment thereof, for use, for example, as a magnetic transducer 
or Itead"* f(x reading data signals encoded on a magnetic 
mass storage medium. 

MagDCtorcsistivc devices or heads exhibiting what is 
refcircd to as giant magnetorcsistance (*^MR**) are of 
current technological interest in an attesnpt to achieve higher 
areal density recording in magnetic computer mass storage 
disk drives and tapes. The GMR effect was first described by 
M. N. Baibich* J. M. Broto, A. Pert, R Nguyen \^ Dau, F. 
Petroff, P. Etienne, G. Creuzet, A- Friedericfa and J. Chazelas 
in Phys. Rev. Lett 61, 2472 (1988).1VpicaIly, the magnitude 
of the magnet<Miesistive ratio ('^AR/R'") for GMR materials 
exceeds that of anisotrc^ic magnetoresistive ("AMR") 
materials, which are those generally in current use as mag- 
netic read-transducers. 

The spin valve effect is one known way to utilize GMR as 
described by B. Dieny, V. S. Speriosu, S. S. P. Parkin, B. A. 
Gumey, D. R. Wilhoit and D. Mauri, Phys. Rev. B 43, 1297 
(1991). A typical spin valve MR device courses two thin 
ferromagnetic layers (on the order of less than 100 A) 
separated by a nonmagnetic metal spacer (also on the order 
of less than IQO A). The magnetization of one ferromagnetic 
layer is allowed to move fircely, whereas the other one is 
pinned by an adjacent antiterromagnetic or permanent mag- 
netic layer. Essential to the operation of any type of GMR 
structure is the fact that the MR response is a function of the 
angle between two magnetization vectors corresponding to 
the sensing field. 

A number of patents have previously described various 
device implementations utilizing the spin valve ^ect See 
for example United States Patents No.: U.S. Pat. No. 5,159, 
513 to Dieny et aL for "Magnetoresistive Sensor Based on 
the Spin Valve Effect" issued Oct. 27, 1992; 5;206,590 to 
Dieny et al. fcff **Magnetcresistive Sensor Based on the Spin 
Valve Effect" issued Apr. 27, 1993 ; U.S. Pat. No. 5,287,238 
to Baumgart et al. for "Dual Spin Valve Magnetoresistive 
Sensor^ issued Feb. 15, 1994; and U.S. Pat. No. 5301,079 
to Cain et al. for "Current Biased Magnetoresistive Spin 
Valve Sensor" issued Apr. 5, 1994, all assigned to Intema- 
tional Business Machines Corporation. 

The stacked, orthogonal structures of tiie various device 
implementations described in these patents locate a lower 
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ferromagnetic layer (on which the freely rotating magneti- 
zation vector resides) above the substrate but below the 
upper ferromagnetic layer which has its magnetization vec- 
tor pinned by an adjacent antiferromagnetic pinning layer. 
5 Moreover, in all cases the sense current is shown to flow in 
the plane of the layers which comprise the spin valve 
structure, thereby limiting the MR reqwnse. Since the 
current density lies within the film plane of the magnetore- 
sistive structure, this is known as a current-in-plane ("OP") 
geometry. 

In "A New Design for an Ultra-High Density Magnetic 
Recording Head Using a GMR Seosor In the CK* Mode"; 
Rottmayer, R. and Zhu, J. ; lEEETransactions on Magnetics, 
Vol. 31, No. 6, November 1995 there has been proposed a 
GMR multilayer read dement within a write head gap that 
operates in the current perpendicular-to-the-plane niode and 
is biased by an exchange coiq>led soft film acting like a 
peimanent magnet while distinguishing conventional MR 
and SV head designs. A multilayer read element consists of 
a repeated layer structure whidi is quite different from a spin 

^ valve type GMR transducer which coiiq)rises both pinned 
and freely rotating ferromagnetic layers as previously 
described. Moreover, the Rottmayer et aL paper contem- 
plates the placement of Ac multilayer sensor in the write gap 
of a read/write head with a soft biasing magnet exchange 

^ coupled to an antifcrromagnet to bias the sensor into a linear 
operating range. The placement of the read sensor within the 
write g^ is a relatively unproven configuration due to the 
fact that the read sensor could suffer scnous degradation 
through repeated exposure to fields generated during write 

^ current bursts. 

SUMMARY OF THE INVENTION 

In contrast, the present invention is of especial utility in 
advantageously providing a spin valve type transducer, and 

35 not a multilayer GMR sensor as jreviously proposed, oper- 
ating in a current peipendicular-to-th&-plane configuration. 
A spin valve type GMR transducer, since it is inherentiy 
self-biased, does not require the soft biasing magnet 
exchange coiq)led to an antif^romagnet as proposed by 

40 Rottmayer et aL Moreover, the SV transducer herein dis- 
closed is of especial utility in conjunction with the standard 
configuration for rcad/wiite heads wherein the write element 
may be placed on top of the read clement without exposure 
to the fields generated during write current bursts. 

45 Specifically disclosed herein is a transducer including a 
spin valve structure con^Hising a pinned fexromagnetic layer 
adjoining a first end portion thereof and a freely rotating 
ferromagnetic layer adjoining an oppositely disposed second 
end portion thereof. Rrst and second current conductors 

^ adjoin the first and second end portions of the spin valve 
structure respectively in a current perpendicular-to-the- 
plane configuration. 

In a specific embodiment disclosed herein, a differential 
data transducer includes first and second spin valve struc- 
tures eadi comprising a pinned ferromagnetic layer adjoin- 
ing respective first end portions therecrf and a freely rotating 
ferromagnetic layer adjoining respective oppositely dis- 
posed second end portions Aereof . First and second cuirent 
conductors adjoin the first and second end portions of the 

^ first and second spin valve structures respectively and a 
common cuirent conductor adjoins the second and first end 
portions of the first and second spin valve structures re^c- 
tively. 

55 BRIEF DESCRffTION OF THE DRAWINGS 

The aforementioned and other features and objects of the 
present invention and the manner of attaining them will 
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become more apparent and the invention itself will be best 
understood by reference to the following descriptioD of a 
preferred embodiment taken in conjunction with the accom- 
panying drawings, wherein: 

FIG. 1 is a schematic cross-sectionai, air bearing surface 5 
("ABS**) view of a prior art spin valve device wherein the 
read track width *TWj'* is defined by the metallization of the 
cuirent-in-plane geometry leads overlying the pinned, upper 
fexromagnetic layer; 

FIG. 2 is a schematic cross-sectional ABS view of a 
paiticulady advantageous spin valve device design in accor- 
dance with United States patent plication Ser. No. 0^401, 
553 illustradng a cunent-in-plane configuration whtf ein the 
read track width TW^** is defined by the pennanent magnet 
layer portions overlying the top ferromagnetic layer and 
which underlying device structure may be utilized in con- 
junction with the cinrent peipendicular-to-thc-plane design 
hereinafter disclosed; 

FKj. 3A is a partial ABS view of a current perpendicular- 
to-thc-planc spin valve type magnetorcsistivc transducer in ^ 
accordance with a particular embodiment of the present 
invention illustrating a single spin valve structure conqxris- 
ing a pinning layer ovedying a pinned layer, with the 
combination of layers, in tunu overlying a freely rotating 
ferromagnetic layer and tiie spin valve structure itself being ^ 
sandwiched b^een a pair of current conductors and adjoin- 
ing shields; 

FIG. 3B is a partial side plan view of the spin valve type 
magnetoresistive transducer of HG. 3A illustrating the cur- ^ 
rent path through the single spin valve structure and the 
partially surrounding gap dielectric layer; 

FIG. 4 is an additional partial side plan view of an 
alternative embodiment of a spin valve type magnctoxcsis- 
tive transducer in accordance with the present invention 35 
illustrating a pair of spin valve structures ("SV,^" and '*SVa*0 
constructed in a current pexpendicular-to-the-plane configu- 
ration for use as a differential signal sensor, and 

FIG. 5 is a simplified* cut-away, top plan view of a 
conventional disk drive constituting one application a 40 
current perpeodicular-to-the plane transducer of the jHresent 
invention as a magnetic ^Yead** head. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

With reference now to FIG. 1, a prior art spin valve sensor 
10 structure is depicted illustrating a typical current-in-plane 
device configuration. The prior art spin valve sensor 10 
comprises, in pertinent part a substrate 12 having an over- 
lying underlayer 14. The active spin valve structure itself 30 
comprises two ferromagnetic layers (formed of transition 
metals or alloys such as permalloy) illustrated as a lower 
ferromagnetic layer 16 and upper ferromagnetic layer 24 
separated by a nonmagnetic spacer layer 18 (formed of a 
noble metal such as Cu; Ag, or*Au). A pinning layer 26, 55 
which may con^rise an antifeiromagnet sudi as FeMn, 
NiMn or Ni — Co oxides, is deposited on top of the upper 
ferromagnetic layer 24 to offer an anisotropic exchange 
coupling of on the order of several hundred Oosteds ("Oe"). 
Therefore, the direction of the magnetization of the upper 60 
ferromagnetic layer 24 is pinned with its easy axis perpen- 
dicular to the air bearing surface (ABS). 

The underlayer 14 (such as Ta) and a capping layer 28 
(which may also comprise Ta) are provided to protect the 
active structure. Permanent magnet layers 20, 22 are formed 65 
at the sides of the substantially cfthogonal, stacked stracture 
to o£fer domain control on die lower fearomagnetic layer 16. 
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The priOT art spin valve sensor 10 may also be provided 
in a dual configuration having two pinned ferromagnetic 
layers sandwiching a free fcaomagnetic layer. Such a struc- 
ture leads to approximately a 50% higher response than the 
structure shown in FIG. 1. 

Nevertheless, the prior art spin valve sensor 10 and dual 
design both suffer from an inherent degradation of MR 
response. The MR response in a spin valve or any GMR 
material is due primarily to spin-dependent scattering of the 
conduction electrons. Utilizing a CIP geometry, some of the 
conduction electrons are prevented from experiencing spin- 
dependent scattering by shunting along layers devoid of any 
spin-dependent scattering centers such as the spacing layer 
18. Moreover, the design of FIG. 1 i^esents potential dis- 
advantages in terms of manufacturing rq)roducible mag- 
netic read head products inasmuch as a considerable aitiount 
of current density is required to deliver current to the spin 
valve structure through the nonmagnetic pinning and c^ 
ping layers 26, 28, all of which have inherently high 
resistivities. Further, the read track width CTWj**) may not 
be precisely determined because the conductor (or current 
lead 30, 32) layers are leJatively thick compared to the actKe 
magnetic sensor structures and bodi the current leads 3#, 32 
and the permanent magnet layers 20, 22 could define the 
track width. This is undesirable in terms of staUe read head 
operation. Moreover, precise control of the thickness of the 
pair of permanent magnet layers 20, 22 forBaikhausen noise 
suppression purposes is veiy difi&cult due to dieir limited 
thickness scale which is only on the order of several tens of 
Angstroms (**A**)- For example, when a thicker permanent 
magnet layer 20, 22 is needed to adjust the total magnetic 
moment (the remnant magnetization times film thickness, 
M^*t) which, in turn, determines the strength of the 
stabilization, the permanent magnet layer 20, 2Z thickness 
may become greater than the combined thickness of the 
spacer and upper ferromagnetic layers 18. 24. This is inher- 
ently uns^factc^ because the magnetizatioQ of the oth- 
erwise firmly pinned u|^er ferromagnetic layer 24 could be 
altered. 

^/y&i reference to FIG. 2 a 5h^>ed spin valve sensor 50 in 
accordance with the disclosure of U.S. patent application 
Ser. No. 08/401,553 is shown. In the design of the sh^>ed 
spin valve sensor 50, a substrate 52 has an overlying 
underlayer 54 fonned thereon and a high resistivity pinning 
layer 56 is deposited prior to any of the ferromagnetic layers. 
Deposition of the pinning layer 56 is followed by the 
deposition of a thin, bottom ferromagnetic layer 58. A spacer 
layer 60 and a second, top ferromagnetic layer 62 are 

deposited next and p „*;d into a mesa-like struct^ :, ;.':th 

t^>ercd sides. A shallow taper angle (on die order of sub- 
stantially 45° or less) has been found to be advantageous in 
order to achieve overall smoother device topography in 
fabrication. Thin non-magnetic separation layers 64, 66 
(such as Cr) are deposited prior to Uie permanent magnet 
layers 68. 70 on the bottom ferromagnetic layer 58 and the 
sides of the mesa (as well as a portion of the upper surface 
of the mesa adjoining the tapered sides) to prevent exchai^e 
coupling whidi could result in rotating the pinned magne- 
tization direction of the bottom faromagnetic layer 58. The 
formation of current leads 72, 74 in a current-in-plane 
configuration follow to make contact directly with the 
permanent magnet layers 68, 70. A capping layer 76 overlies 
the current leads 72, 74, a portion of the permanent magnet 
layers 68, 70 and the uncovered portion of the top ferro- 
magnetic layer 62 forming the top of the mesa structure. 

In the shaped spin valve sensor 50 shown, it is the 
permanent magnet layers 68, 70 that define the read track 
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width (*TW2 *) and not the cuirenl leads 72. 74. In this transducer 80 will display a higher magnetoresistive 
manner, rq)roducihie track width control is naade possible response than a comparable OP device. Although not 
because the permanent magnet layers 68. 70 are typically illustrated, a permanent magnet may be added to the struc- 
thinner than the conductor layer forming the current leads ture of the transducer 80 to provide domain control and, in 
72, 74 thereby obviating the latlers' more difficult photo- 5 some applications, the conductors 92, 104 might be elimi- 
lithographical challenges. Moreover, because current can natcd and tiie shields 88, 108 instead utilized as the trans- 
then be delivered directly to the active, top ferromagnetic duccr 80 conduction paths. 

layer 62 through die permanent magnet layers 68, 70 and it should also be noted that the spin valve structure 102 

thin separation layers 64, 66, higher current density can be may be substantially as illustrated or. in an alternative 

achieved than in the prior art QP designs. lO en:ibodiment, the spin valve structure of FIG. 2 might be 

With reference additionally now to FIGS. 3A and 5B, a substituted therefor. Moreover, the spin valve structure 102 

partial ABS view of a current peipendicular-to-tfae-plane niay instead be a dual-q)invahre type device cpnopcising two 

^in valve type magn^oresistive transducer 80 in accor- or more spin-valves separated by a relatively thick conduc- 

dance with a particular embodiment of the present invention tor spacing layer. With proper crientatioD of the respective 

is shown. Jt should be noted that the spin valve structure cf ^5 pinning layers of a dual-spin valve device, two spin-valves 

FIG. 2, wherein the pinning layer 56 and pinned fcrromag- in scries could function analogously to a dual-stripe AMR 

netic layer 58 underlie the active ferromagnetic layer 62» magnetoresistive sensor. 

may be utilized instead of the more conventional arrange- With reference additionally now to FIG. 4« an alternative 

ment of active and piimcd layers shown. embodiment of a spin valve transducer 120 is shown which 

The transducer 80 conqaises, in pertinent part, a substrate ^ may be utilized as a differential read head. The transducer 

82 having an overlying tmd«arlayer 84 thereupon. laiunu an 120 includes a substrate 122 and overlying underiaycr 124, 

insulating g^ layer 86 overlies the underlayex 84. A first an overlying gap layer 126 and a first magnetic shield 128. 

magnrtic ^eld 88 overlies the gap layer 86 as shown.^ As with the preceding embodiment of FIGS. 3A & 3B, an 

QPtiQaalga Rl ayer 90, wh idi may conDpriscjdjjnainum^ optional gap layer 130 may be provided on tc^ of the first 

upon the ^ magnetic shield 128. 

first^Eoagnetic sMdd 88. The shield layers may comprise Similaiiy, a first spin valve structure (**SVi-) comprises a 

nickel iron (>fiFc), cobalt'rirconi^ iron first current conductor 132, a free layer 134, a spacer layer 

nitride (FEN) or other soft magnetic matfrials or thdr alloys. 136, a piimed layer 138 and a pinning layer 140. A common 

The shield layers may be on die order of 2 microns or less current conductor ("Conductor C*) 142 overlies the pinning 

in thickness while the gap layer 90 may be between 100 and ^ layer of the first spin valve structure SVj. The structure of 

1000 angstroms. a second spin valve structure ("SVj") comprising a free 

A first current conductor 92 is formed on top of tiie gap layer 144, a spacci layer 146, a pinned layer 148 and a 

layer 90. The fint current conductor 92 may comprise pinning layer 150 is formed on the common conductor 142. 

between 100 and 1000 angstroms of rhodium (Rh), alumi- - A second current conductor 152 is formed on top of the 

num (Al), gold ( Au), tantalum (Ja) or sUvcr (Ag) or their pinning layer 150 of the seccmd spin valve structure SVj. In 

alloys. A frcdy rotating CTree" or "Active**) layer 94 like manner, an optional g^) layer 154 may be formed on top 

ovcriies the first current conductor 9Z A non-magnetic of the second current conductor 152 followed by a second 

spacer layer 96 ovcriies the free layer 94 and a pinned layer magnetic shield 156. 

98 is formed on top of the spacer layer 96. A pimiing layer ^ A CPP si^n-valvc transducer as described and illustrated 

100 ovcriies the pinned layer 98 and a second current with respect to the foregoing FIGS. 3A, 3B and 4 is also 

conductor 104, of material similar to that utilized to produce simpler to manufacture and process than a conventional QP 

first current conductor 92, is formed thereon. The first and design since the former is inherently planar thereby easing 

second current conductors 92, 104 in conjunction with the photolithographic processing operations. Moreover, a CPP 

free layer 94, spacer layer 96, pinned layer 98 and pinning spin-valve transducer as hereinbefore disclosed may be 

layer 100 comprise a spin valve structure 102 as shown. manufactured utilizing fewer processing steps. 

In similar maimer, an optional gap layer 106 overlies the With reference additionally now to FIG. 5, a simplified, 

second current conductor 104 followed by a second mag- cut-away, top plan view of a disk drive 170 is shown for 

netic shield 108. A dielectric gap material 110 surrounds the possible use in conjunction with the current peipendicular- 

spin valve structure 102 and portions of the first and second ^ to-the-plane transducer of the present invention. The disk 

current conductors 92, 104 as shown. drive 170 comprises, in pertinent part, a number of disks 172 

The transducer 80, as an exaii5)le only, is shown as a which are rotated about a central axis. Aread/write head 174, 

single spin vaNe structure 102 comprising a pinning layer which may include an a transducer in accordance^ with the 

100 overlying a pinned layer 98, with the combination of present invention as a 'Yead" element, is positioned by 

layers, in turn, overlying a freely rotating (•*free" or 55 means of a positioner 176 with respect to a number of 

"active") ferromagnetic layer 94 and the spin valve structure concentric data tracks on the surfaces 178 of the disks 172 

102 itself being sandwiched between a pair of fint and to enable data to be written to, read from, the magnetically 

second current conductcxs 92, 94 and adjoining first and hard surfaces 178 thereof. The transducer hereinbefore dis- 

second magnetic shields 88, 108. closed may also be utilized in conjunction with tape drives 

With reference specifically to FIG. 3B the current path 60 and other computer mass storage appUcatjons as wea 

through the single spin valve structure 102 is shown in The CPP spio-valve transducer disclosed, therefore, is 

addition to the partially surrounding gap dielectric material superior to conventional OP designs in that it provides an 

110. Utilizing a CPP geometry for the transducer 80 forces enhanced AR/R response (whidi is on the order of a two-fold 

the current to traverse each layer of the spin valve structure inacasc over conventional OP geometries), more planar 

102 thereby preventing shunting currents which would oth- 65 processing and a reduced number of fabrication steps, 

crwise reduce spin-dqpendent scattering and, hence, the While there have been described above the princq>ies of 

magnetoresisdve response. In diis manner a CPP geometry the present invention in conjunction with specific device 
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structure and fabricatioa techniques, it is to be clearly 
understood that the foregoing description is made only by 
way of exair^le and not as a limitation to the scope of the 
invention. Particularly, it is recognized that the teachings of 
the forgoing disclosure will suggest other modifications to 5 
those persons stalled in the relevant art Such modificatioDs 
may involve other features which arc already known pa sc 
and which may be used instead of or in addition to features 
already described herein. Although claims have been for- 
mulated in this application to particular combinations of lO 
featises« it should be understood that the scope of the 
disclosure herein also includes any novel feature or any 
novel combination of features disclosed either explicitly or 
implicitly or any generalization or modification thereof 
whid) would be apparent to persons skilled in the relevant is 
art whether or not such relates to the same invention as 
presently claimed in any claim and whether or not it miti- 
gates any or all of the same technical problems as confronted 
by the present invention. The applicants hereby reserve the 
right to formulate new claims to such features and/or com- 20 
binations of such features during the prosecution of the 
present ^iplication or of any finlber application derived 
therefrom. 
What is claimed is: 

1. A spin valve CPP magnetic data transducer having a 25 
read-only gap, said transducer comprising: 

a self-biased spin valve stack of parallel and planar 
elements, said stack having a planar pinned ferromag- 
netic layer that adjoins a fint end of said stack, and said 
stack having a planar freely rotating ferromagnetic ^ 
layer that adjoins a second end of said stack; 

each of said ferromagnetic layers having an outer planar 
surface; 

a first planar electrical current conductor electrically 
contacting said outer surface of said fireely rotating 
ferromagnetic layer; 

a second planar electrical current conductor electrically 
contacting said outer surface of said pinned ferromag- 
netic layer, ^ 

each of said conductors having an outer surface; 

a first soft magnetic shield adjoining said outer surface of 
said fint conductor, 

a second soft magnetic shield adjoining said outer surface 
of said second conductor; 45 

a physical spacing of said first and second magnetic 
shields defining said read-only gap; and 

at least one of said magnetic shields having an outer 
surface. 

2. The transducer of claim 1 further comprising a planar 50 
pinning layer intermediate said outer surface of said pinned 
layer and said second conductor. 

3. The transducer of claim 2 wherein said pinning layer 
comprises an exchange coupled antiferromagnet 

4. The' transducer of claim 3 wherein said exchange 55 
coupled antiferromagnet is selected from a group compris- 
ing FeMN. NLMn, NiO and NiCoO. 

5. The transducer of claim 2 wherein said pinning layer 
comprises a permanent magnet layer. 

6. The transducer of claim 5 wherein said permanent 60 
magnet layer is selected from a group comprising Cr and its 
alloys. 

7. The transducer of claim 5 wherein said^ permanent 
magnet layer is substantially between 50-500 A tfiick. 

8. The transducer of claim 1 further comprising a planar 65 
spacer layer intermediate said pinned and freely rotating 
layers. 
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9. The transducer of daim 8 wherein said spacer layer 
comprises a non-magnetic material. 

10. The transducer of daim 9 wherein said nod-magnetic 
material comprises a noble metal. 

11. The transducer of claim 8 wherein said spacer layer is 
substantially between 10-50 A thick. 

12. The transducer of claim 1 further comprising first and 
second planar gap layers respectively disposed intermediate 
said fint and second conductors and said first and second 
magnetic shields. 

13. The transducer of claim 12 wherein said first and 
second gap layers are selected from a group comprising 
MJOy and SiOa- 

14. The transducer of daim 13 whnein saM first and 
second gap layers arc substantially between lGO-1000 A in 
thickness. 

15. The transducer of daim 1 further comprising a sub- 
strate and an overlying underiayer adjoining said outer 
surface of said at least one oi said magnetic shields. 

16. The transducer of claim 15 fiirther comprising a gap 
layer interposed between said underiayer and said outer 
surface of said at least one of said magnetic shields. 

17. The transducer of claim 15 wherein said underiayer is 
selected from a grotq) comprising Ta and oxides of Al and 
Si. 

18. The transducer of claim 1 wherein said pinned and 
freely rotating feiromagnetic layers comprise a transition 
metal 

19. The transducer of claim 18 wherein said transition 
metal comprises permalloy. 

20. The transducer cf daim 1 wherein said pinned and 
freely rotating ferromagnetic layers are substantially 
between 20^200 A thick. 

21. The transducer of claim 20 wherein said^pinned and 
freely rotating ferromagnetic layers are substantially 100 A 
thick. 

22. The transducer of daim 1 wherein said first and 
second current conductors are selected firom a group com- 
prising Rh, Al» Au, Ta, Ag and their alloys. 

23. The transducer of claim 22 wherein said first and 
second conductcM^ are substantially between 100-1000 A 
thick. 

24. The transducer of claim 1 further comprising a dielec- 
tric substantially surrounding said spin valve stack medially 
of said first and second conductors. 

25. The transducer of daim 1 wherein said fixst and 
second magnetic shidds comprise a relatively soft roagnetic 
material selected firom a group comprising permalloy. NiFe. 
CoZsfTa and their alloys. 

26. The transducer of claim 1 wherein said first and 
second magnetic shields are substantially 2p or less in 
thickness. 

27. The transducer of claim 1 further comprising: 
a head disk assembly; 

at least one magnetic storage media rotatably contained 
widiin said head disk assembly having data encodable 
thereon; and 

at least one positioner mechanism movably contained 
within said head disk assembly for positioning said 
transducer with re^>ect to said storage media to enable 
reading of selected portions of said data. 

28. A differential spin valve CPP magnetic data transducer 
having a read-only gap. said transducer comprising: 

first and second spin valve stacks having parallel and 

planar elements; 
eadi of said stacks having a planar pinned ferromagnetic 

layer that adjoins a first end of said stack, and a planar 



04/14/2003, EAST Version: 1.03.0002 



5,668,688 

9 10 

freely rotatiDg ferromagnetic layer that adjoins a sec- 41. The transducer of claim 40 further comprising an 

ond end of said stack; intermediate gap layer interposed between said underlayer 

a first planar current conductor adjoining said freely and said selected one of said first and second magnetic 

rotating layer of said first ^in valve stack; shields, 
a second planar cuirent conductor adjoining said pinned ^ 42. The transducer of claim 40 wherein said underlayer is 

layer of said second spin valve stack; selected from a group conqnising Ta and o^dcs of Al and 

a common planar current conductor adjoining said pinned * 

layer of said first spin valve stack and said freely ^h^ transducer of daim 39 wherein said first and 

rotating layer of said second spin valve stack; second gap Layers are selected from a group comprising 

a first planar magnetic shield adjoining said first current ^2^3 and SiOj. 

conductor ^ transducer of claim 43 wherein said first and 

a second plinar magaetic shidd adjoiniog said second ^'P substantiaUy between 100-1000 A in 

cuirent conductor and !f ' , , , . ^ . . ..... 

. , , . t .J i. ^ J J ■« 45. The transducer of claim 28 whemn said pinned and 

a physical spacing of said first and second magnetic - , , ^ c i t -ac ^ a j 

shields defining said read^jnly gap. """""S fetromagnetic layers of said first and second 

29. 'n«tninsducerofclaim28wherdncachofsaidspin »Pin vaWe stacks comprise a transi^^^ 

valve stacks fiirtfaa comprises a planar pinning layer over- ^ ^he transducer of daim 4S whercm said transibon 

lying said pinned layer campnses pcnnaUoy. 
said pinning layer of said first spin valve stack being ^ Jl The transducer of claim 28 wherein ^ pinned and 

located intermediate said comiLn current conductor lotaimg feiiomagnetic ^y«of said fo^^^i 

and said pinned layer of said first spin valve stack; and spm va^e stacks are subsmtial^ between 2(^-200 Attack 

..... , . . A • , ^ t-i. • 48. The transducer of daim 47 wherem said pinned and 

said puuung layer of said second spm valve stack being t. u . ^ « i u » _/iu mn i 
loSintcrLiiatesaidsecondLrentconductorand „ ^ej^ rotating fem,magnetic layers are substantially 100 A 

said pinned layer of said second spin valve stack. ^ 

30. The transducer of claim29whcrcin saidpimiing layer f • transducer of dami 28 fiirther con^mg a fi^ 
of said first and second spin valve stacks comprises an ^ ^^^"""^^ substantially sunoundmg said first 
exhange coupled antifenrcmagnet spin valve stacks respectively mcdiaUy of said 

31. The transducer of ciaim 30 wherein said exchange ^ first and second cuirent conductors and said conmion current 
coupled antifenomagnet is sdected from a group compris- conductor. 

ing FeMn, NiMn, NiO and NiCoO. 50. The transducer of claim 28 wherein said first, second 

32. The transducer of claim 29 wherein said pinned layer and common current conductors are selected from a group 
of said first and second spin valve stacks comprises a comprising Rh. M Au, Ta, Ag and their alloys, 
permanent magnet layeL 51. The transducer of claim 50 wherein said first, second 

33. The transducer of claun 32 wherein said permanent and conmion current conductors are substantially between 
magnet layer is selected from a group con^msing Cr and its 100-1000 A in thickness. 

alloys. 52. The transducer of claim 28 wherein said first and 

34. The transducer of claim 33 wherein said permanent second magnetic shields comprise a relatively soft magnetic 
magnet layer is substantially between 50-500 A tiiick. ^ material 

35. The transducer of daim 28 wherein eadi of said spin 53 xjjc transducer of daim 52 whcrrin said relatively scrft 
valve stadts ftirther comprises a spacer layer intermediate magnetic material is selected from a group comprising 
^^^^J^^^y^^^^y^^ pcrmaUoy.NiFcCoZrt'a and their aUoys. 

36. The transdj^ of dami 35 wherem said^ layer ^ ^^^^^^ of daim 28 whcrdn said first and 
of each of said first and second spm valve stadcscompnses 3^^^ ^ substantially 2^ or kss in 
a non-magnetic material. thickness^ 

37. The transducer of claim 36 wherein said non-magnetic 55 transducer of claim 28 fiirther comprising: 
material comprises a noble m^. u a a- ^ ui. 

38. The transducer of daim 35 wherein said spacer layer a head disk assembty; 

of each of said first and second spin valve stacks is sub- at least one magnetic storage media rotatably contained 

stantially between 10-50 A diick. ^ within said head disk assembly having data encodable 

3S^. The transducer of claim 28 further comprising first thereon; and 

and second gap layers respectively disposed intermediate at least one positioner mechanism movably contained 

said first and second curreot conductors and said first and within said head disk assembly for, positioning said 

second magnetic shields. transducer with respect to said storage media to enable 

40. The transducer of claim 39 further comprising a reading of selected portions of said data- 
substrate and an overlying underlayer disjwsed adjacent to a 

selected one of said first and second magnetic shields. ***** 
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